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Sunday, February 26, 2012 31alocalization in E. coli. In particular we study the temporal ordering of the
arrival of factors at mid-cell, preceding cytokinesis, and at the new pole, after
cell division as well as analyzing the asymmetry of protein partitioning on cell
division. The great degree of heterogeneity between protein species suggest
that a number of different mechanisms are responsible for the phenomena of
polar localization.
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Proteins expressed on bacterial cell surfaces must initially cross the cytoplas-
mic membrane and then either traverse the thick cell wall in Gram-positive
organisms or the thinner cell wall plus outer membrane in Gram-negative or-
ganisms. We have used protein tagging techniques to explore the spatial and
temporal patterns of protein secretion in both types of bacteria. Overall, de-
spite the profound structural differences between Gram-positive and Gram-
negative cell surfaces, we find that both are largely immobile environments
where protein behavior is dictated by fundamental physical constraints. For
the Gram-negative bacterium E. coli, we used exogenous enzyme-based se-
quence-specific labeling of LamB to detect the location of newly synthesized
exported protein. LamB initially appears in discrete puncta distributed over
the cylindrical sides of the cell, rather than uniformly. These results are
most consistent with a model where all outer membrane material (including
transmembrane proteins and lipopolysaccharides) is added in irregular bursts
along the cylindrical sides of the cell, and proteins are essentially immobile
with respect to their neighbors. For the Gram-positive bacterium Listeria
monocytogenes, we have also observed punctate initial secretion of the sur-
face protein ActA along the cylindrical sides of the cell, and very slow accu-
mulation at cell poles. ActA is a transmembrane protein with a large
unstructured ectodomain exposed on the cell surface. We have developed
a physical model proposing that the entropic constraint imposed by a small
periplasmic space could drive the translocation of a large, unstructured protein
across a barrier with a thickness and porosity similar to that of the Listeria cell
wall. Consistent with this purely physical model for unstructured protein
translocation and polarization in Gram-positive bacteria, we have found that
eukaryotic nuclear pore proteins expressed in these bacteria will also translo-
cate and polarize.Platform: Membrane Receptors & Signal
Transduction I
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The plasma-membrane of living cells is the major organelle for cellular signal-
ing cascades. To warrant the diverse functions of a cell, communication be-
tween the cytoplasm and its organelles and the extracellular space is crucial.
Thus, membrane-localized protein receptors activated by various messengers
are key to transmit signals into the cell. Defective regulation of these signaling
cascades may lead to cell death or uncontrolled proliferation. An important
point is the interaction of these receptors with cytosolic proteins. To analyze
such interactions we use micro-structured surfaces in combination with fluores-
cent microscopy (‘‘micro-patterning assay’’). This technique was developed to
detect protein-protein interactions (Schwarzenbacher et al., 2008; Weghuber
et al., 2010) and offers the possibility to measure and quantify also weak or
short-lived interactions in-vivo. We visualized the interaction of the following
membrane-receptors with their respective intracellular binding partners:
EGF-receptor (Grb2), Insulin-receptor (IRS1-4), and ß1- and ß2 adrenergic re-
ceptors (Arrestin, G-proteins). Additionally, we analyzed the insulin-dependent
transfer of Glucose-transporter 4 (Glut4) to the plasma-membrane. In a next
step we started to determine the effects of various messengers (EGF, Insulin,
Epinephrine,.) on the described interactions. By doing so we characterized
variations in the interaction-properties of these interaction pairs upon applica-tion of messenger molecules. Since the micro-patterning assay is a robust tech-
nique to analyze a large number of cells within a short time, it is our endeavor to
investigate the effects of further, medically relevant messenger molecules (sec-
ondary plant metabolites) on the interaction of the aforementioned signaling
proteins.
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The structure-function-activity relationships of transmembrane intracellular
adhesion molecules are often mediated by ligand-induced signaling elicited
in response to homotypic binding interactions. Understanding the molecular ba-
sis for these interactions is therefore critical for elucidating receptor function. A
model cellular adhesion protein, carcinoembryonic antigen-related cell-adhe-
sion molecule 1 (CEACAM1), exists as a mixture of monomers and oligomers
at the cell surface. Depending on its oligomeric state, CEACAM1 has been pre-
viously shown to differentially bind to several protein tyrosine phosphatases,
suggesting that CEACAM1’s oligomeric state may affect various intracellular
signaling pathways (Mu¨ller et al., 2009). We are using live cell total internal
reflection fluorescence polarization microscopy (TIRFPM) to examine
the distribution, association, and ligand accessibility of CEACAM1 at the
cell surface. Although we observe heterogeneous spatial and oligomeric
distribution of CEACAM1 at the cell surface of unperturbed cells, actin-rich
regions with higher concentrations of CEACAM1 seem to comprise largely
monomeric CEACAM1. As the functional consequences of these findings are
still unclear, our current efforts are focused on identifying the linkages between
CEACAM1’s spatial and oligomeric distribution and its corresponding down-
stream signaling processes.
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Tumor necrosis factor receptor 1 (TNF-R1) is an important mediator of inflam-
mation, binding tumor necrosis factor alpha (TNF-a) with high affinity. The
functionality of TNF-R1 is closely related to its assembly into tri- and oligo-
mers [1]. Here, we present our studies on the dynamics of TNF-R1 using
high-density single-particle tracking in combination with photoactivated local-
ization microscopy (sptPALM) [2]. We quantified single receptor dynamics
and generated diffusion coefficient maps of whole cells. We found a heteroge-
neous distribution of diffusion coefficients indicating receptor species with dif-
ferent mobility, suggesting different molecular organizations. We further
investigated receptor dynamics under cholesterol depletion and stimulation
with TNF-a. Based on our observation, we designed a refined model on the
structural arrangement and activation of TNF-R1 in the plasma membrane.
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The G protein coupled receptor (GPCR) family is comprised of ubiquitous,
membrane-bound proteins that are highly conserved in structure, yet varied
in their cognate ligand. This allows for regulation of a variety of physiological
processes ranging from cardiac contractility and neurotransmission to olfac-
tion and vision. Signaling events downstream of activated GPCRs are initiated
through a conserved mechanism of receptor-mediated nucleotide exchange of
GDP for GTP in their intracellular binding partner, the heterotrimeric G pro-
tein (Gabg). While much is known about GPCR and Gabg function, few
